
HYDROGEN PEROXIDE, PEROXIDASES AN0 LOW RANK COAL 

0. R.  Q u i g l e y ,  C. R. Breckenridge, J. K. Polman and P. R. Dugan 
B io techno logy  U n i t  and Center f o r  Bioprocessing Technology 

Idaho Nat iona l  Engineer ing Laboratory 
Idaho F a l l s ,  I D  83415-2203 

Keywords: peroxidases, b i o s o l u b i l i z a t i o n ,  hydrogen peroxide 

ABSTRACl 

Horseradish peroxidase was t e s t e d  t o  determine i f  i t  cata lyzed any r e a c t i o n  
between coal  and hydrogen peroxide. Experiments were performed i n  aqueous 
b u f f e r s  o f  e i t h e r  pH 5.0, 6.5 o r  8.0 and used e i t h e r  p a r t i c u l a t e  Wyodak, 
Beulah Zap, Texas l i g n i t e ,  M i s s i s s i p p i  Wilcox l i g n i t e  o r  s o l u b i l i z e d  
M i s s i s s i p p i  Wi lcox l i g n i t e .  Reactions were monitored by determining amounts 
o f  hydrogen perox ide  consumed a t  var ious  p o i n t s  i n  t ime.  A l l  coals reacted 
r a p i d l y  w i th  hydrogen perox ide  i n  t h e  absence o f  peroxidase and these r e a c t i o n  
ra tes  increased as pH increased. Horseradish peroxidase d i d  n o t  measurably 
increase these r e a c t i o n  r a t e s  even when present i n  l a r g e  concentrat ions.  
These data suggest t h a t  coal  i s  no t  a subs t ra te  f o r  horseradish peroxidase. 

INTRODUCTION 

Reports i n  t h e  e a r l y  1980’s t h a t  microorganisms were ab le  t o  t rans form low 
rank c o a l s  i n t o  a l i q u i d  o r  water s o l u b l e  form (1,Z) generated i n t e r e s t  i n  
us ing b ioprocess ing  as a p o s s i b l e  r o u t e  t o  conver t  coal  i n t o  l i q u i d  f u e l s .  
Many organisms and enzyme systems have been examined s ince  then f o r  t h e i r  
a b i l i t y  t o  s o l u b i l i z e  and/or depolymerize coa l .  Those enzyme systems t h a t  
have r e c e i v e d  t h e  most a t t e n t i o n  are  those t h a t  ca ta lyze  the  o x i d a t i v e  
cleavage o f  carbon-carbon bonds i n  model compounds. These enzymes i n c l u d e  
laccases and peroxidases. 

Laccase from Trametes versaco lo r  (a. k.a. Cor io lus  versaco lo r  and PolvDorus 
versaco lo r )  has been e x t e n s i v e l y  s t u d i e d  (3,4). This enzyme u t i 1  i zes  
molecular oxygen t o  c leave carbon-carbon bonds adjacent t o  aromat ic n u c l e i  (5) 
and has been i m p l i c a t e d  as t h e  agent produced by I, versaco lo r  respons ib le  f o r  
the  organism’s c o a l  s o l u b i l i z i n g  a b i l i t y  (1,3,4). Subsequent work i n d i c a t e d  
t h a t  t h e  m a j o r i t y  o f  coal  s o l u b i l i z i n g  a c t i v i t y  present i n  c u l t u r e  f l u i d s  was 
low i n  molecu la r  weight (t1,OOO) and d i d  no t  appear t o  be a laccase. A h igher  
molecular weight m a t e r i a l  t h a t  had some coal  s o l u b i l i z i n g  a c t i v i t y  was found, 
bu t  t h i s  was l a t e r  i d e n t i f i e d  as an esterase (6,7,8). 
laccases are  n o t  s i g n i f i c a n t l y  invo lved i n  coa l  b i o s o l u b i l i z a t i o n .  

Peroxidases are  enzymes t h a t  u t i l i z e  hydrogen peroxide and i n c l u d e  horseradish 
peroxidase (HRP) and l i g n i n  peroxidases. When these enzymes are  incubated 
w i t h  hydrogen perox ide  (HP) and coal  i n  e i t h e r  aqueous o r  nonaqueous 
so lu t ions ,  c o a l  b i o s o l u b i l i t i e s  increase (9,lO). These increases have been 
a t t r i b u t e d  t o  t h e  a c t i o n  o f  t h e  peroxidases, but ,  s ince HP i s  q u i t e  r e a c t i v e  
w i t h  coa l ,  
i s  s i g n i f i c a n t  as compared t o  the  nonenzymatic chemical reac t ion .  
manuscript we r e p o r t  on the  r e l a t i v e  r a t e s  o f  HRP ca ta lyzed r e a c t i o n s  as 
compared t o  t h e  nonenzyme ca ta lyzed chemical r e a c t i o n .  

It now appears t h a t  

i t  i s  n o t  known whether t h e  r a t e  o f  the  enzyme ca ta lyzed r e a c t i o n  
I n  t h i s  
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EXPERIMENTAL 

M i s s i s s i p p i  Wilcox, Texas l i g n i t e s  were ob ta ined as descr ibed and ground t o  
-100 mesh (11). 
from t h e  Argonne Premium Coal Bank, Argonne, I L .  Horseradish peroxidase type 
I1  (HRP) was obtained from Sigma Chemical Company, S t .  Louis, MO. 

S o l u b i l i z e d  Wilcox was obtained by p l a c i n g  59 o f  coal  i n  11 o f  50mM T r i s  
b u f f e r ,  pH 8.0. A f t e r  mix ing  f o r  severa l  days, t h e  suspension was c e n t r i f u g e d  
a t  10,OOOxg f o r  20 minutes and the  supernatant obtained. S o l u b i l i z e d  coal  was 
p r e c i p i t a t e d  by a c i d i f y i n g  t h e  supernatant t o  pH 2 w i t h  HC1 and a l l o w i n g  the  
suspension t o  stand f o r  severa l  hours. P r e c i p i t a t e d  coal  was c o l l e c t e d  by 
c e n t r i f u g a t i o n ,  washed severa l  t imes w i t h  1mM HC1 and red isso lved i n  50mM T r i s  
b u f f e r .  Th is  s o l u t i o n  was then f i l t e r e d  (Gelman type GA, 0.2pm pore d i a . )  t o  
remove any i n s o l u b l e  m a t e r i a l .  The f i n a l  concent ra t ion  was approximately 2g 
c o a l / l i t e r .  
determined us ing  an ARL Model 3520 atomic absorp t ion  spectrophotometer i n  the  
I C P  mode. 

Assays t o  determine r e l a t i v e  r a t e s  o f  enzyme and nonenzyme ca ta lyzed r e a c t i o n s  
were performed a t  30°C and used e i t h e r  l g  o f  p a r t i c u l a t e  coal  o r  5ml o f  
s o l u b i l i z e d  coa l .  React ions were i n i t i a t e d  by t h e  a d d i t i o n  o f  50ml o f  t h e  
appropr ia te  b u f f e r  c o n t a i n i n g  approximately 1mM HP. Actual  concent ra t ions  o f  
HP present were determined i o d o m e t r i c a l l y  (12) .  B u f f e r s  used were 500mM 
acetate!  pH 5.0, 500mM phosphate, pH 6.5 and 500mM T r i s ,  pH 8.0. 
t ime po in ts ,  50p1 a l i q u o t s  were removed from the  r e a c t i o n  m i x t u r e  and 
concent ra t ions  o f  HP present determined us ing  t h e  l e u c o c r y s t a l  v i o l e t  assay 
(13). Cont ro ls  inc luded HP w i t h  no add i t ions ,  HP w i t h  5mM r e s o r c i n o l  
( p o s i t i v e  c o n t r o l )  and HRP, r e s o r c i n o l  w i t h  no o t h e r  a d d i t i o n s  and HP w i t h  
coal ,  r e s o r c i n o l  and HRP ( p o s i t i v e  c o n t r o l ) .  

Beulah Zap (-100 mesh) and Wyodak (-100 mesh) were ob ta ined 

I r o n  concent ra t ions  present i n  t h e  s o l u b i l i z e d  coa l  was 

A t  i n d i c a t e d  

RESULTS AND DISCUSSION 

Hydrogen peroxide, i n  t h e  absence o f  HRP, reac ted  r a p i d l y  w i t h  a l l  coa ls  a t  
each pH t e s t e d  (F igure  1). 
I n i t i a l  r e a c t i o n s  were r a p i d  and slowed as t h e  r e a c t i o n  proceeded. 
r e a c t i o n  appeared t o  be second order  w i t h  respec t  t o  peroxide s ince  a p l o t  o f  
l /perox ide  vs.  t ime was l i n e a r  (F igure  2). 
second order,  values f o r  t h e  r e a c t i o n  constants cou ld  be obtained by 
determining slopes o f  l i n e s  generated by these p l o t s  (Table 1 ) .  
these p l o t s  y i e l d e d  l i n e s  w i t h  c o r r e l a t i o n  c o e f f i c i e n t s  0.975 o r  b e t t e r .  
general r u l e  r e a c t i o n s  were slowest a t  lower pH values and increased as pH 
increased. 
peroxide becomes a more powerful  o x i d i z i n g  agent as pH increases (14) .  

The r e a c t i o n  o f  HP w i t h  r e s o r c i n o l  as ca ta lyzed by HRP was used as a p o s i t i v e  
c o n t r o l .  T h i s  r e a c t i o n  no t  o n l y  demonstrated t h a t  HRP was ac t ive ,  b u t  a l s o  
gave an i n d i c a t i o n  as t o  t h e  a c t i v i t y  o f  the  enzyme w i t h  a p r e f e r r e d  subs t ra te  
and y i e l d e d  some i n s i g h t  i n t o  the  peroxidase r e a c t i o n .  Once again, a p l o t  o f  
l /perox ide  vs t i m e  y i e l d e d  a s t r a i g h t  l i n e  i n d i c a t i n g  t h a t  t h i s  r e a c t i o n  was 
second o r d e r  w i t h  respec t  t o  HP (F igure  2) .  Th is  r e s u l t  was obtained every  
t ime t h e  experiment was performed and i s  c o n s i s t e n t  w i t h  e a r l i e r  r e p o r t s  i n  
the  l i t e r a t u r e  (15,16). 

Reactions p r o f i l e s  were s i m i l a r  i n  every case. 
Th is  

Assuming t h a t  t h i s  r e a c t i o n  was 

T y p i c a l l y ,  

Th is  i s  c o n s i s t e n t  w i t h  t h e  l i t e r a t u r e  i n d i c a t i n g  t h a t  hydrogen 

As a 
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Because r a t e s  were determined by measuring HP disappearance, i t  was n o t  known 
i f  the disappearance o f  HP was due t o  coal  ox ida t i on .  
t o  determine if t h e  coal i t s e l f  was being o x i d i z e d  because t h e  amount of 
o x i d a t i o n  o c c u r r i n g  would have been too  small  t o  measure us ing u l t i m a t e  
analyses. Other p o s s i b l e  causes t h a t  cou ld  have accounted f o r  t h e  
disappearance o f  HP were, therefore,  i nves t i ga ted .  An a l t e r n a t e  ma te r ia l  t h a t  
might have been o x i d i z e d  a t  t h e  expense o f  HP would have been p y r i t e  (17) .  
The a b i l i t y  o f  HP t o  o x i d i z e  p y r i t e  us ing the  above cond i t i ons  i n d i c a t e d  t h a t  
no s i g n i f i c a n t  r a t e s  o f  p y r i t e  o x i d a t i o n  occurred a t  pH values o f  5.0 and 6.5. 
A t  pH 8.0, s i g n i f i c a n t  amounts o f  HP were consumed i n  sho r t  per iods o f  t ime 
i n d i c a t i n g  t h a t  p y r i t e  was being ox id i zed  (data no t  shown). 
p o s s i b i l i t y  was t h a t  i r o n  ions present i n  t h e  coal  could c a t a l y t i c a l l y  
decompose HP (18) .  
1mM i r o n .  
increase r a t e s  o f  HP consumption and the  a d d i t i o n  o f  2mM Fe*'* r e s u l t e d  i n  
o n l y  a s l i g h t  increase i n  HP consumption (data no t  shown). These da ta  suggest 
t h a t  t h e  carbon present  i n  t h e  coal was being ox id i zed .  

The a d d i t i o n  o f  HRP t o  r e a c t i o n  mixtures con ta in ing  bo th  coal  and HP genera l l y  
had very l i t t l e  e f f e c t  upon r a t e s  o f  HP consumption (e.g., F igu re  1) and i n  
most cases decreased r a t e s  o f  HP disappearance (Table 1 ) .  
i n  r a t e s  o f  HP consumption i n  t h e  presence o f  coal  was n o t  due t o  t h e  coal  
render ing t h e  HRP i n a c t i v e  s ince  HRP was ab le  t o  o x i d i z e  r e s o r c i n o l  i n  the 
presence o f  coa l .  
coal  was 1 0 - f o l d  g r e a t e r  than t h a t  present  i n  p o s i t i v e  c o n t r o l s  con ta in ing  
r e s o r c i n o l .  
observed when l a r g e  q u a n t i t i e s  o f  HRP were present  i n  coal  mix tures,  then a t  
l e a s t  one o f  two p o s s i b i l i t i e s  must have ex i s ted .  The f i r s t  p o s s i b i l i t y  was 
t h a t  HRP was unable t o  use coal  as a subst rate.  A second p o s s i b i l i t y  was t h a t  
HRP was ab le  t o  use coal as a subst rate,  b u t  t he  number o f  s i t e s  where t h i s  
could be done was ext remely small  which would have l i m i t e d  increases i n  HP 
consumption t o  below de tec t i on  l i m i t s .  
number o f  s i t e s  present ,  then inc reas ing  the  amount o f  peroxidase present  i n  
r e a c t i o n  m ix tu res  would no t  r e s u l t  i n  an increase i n  HP consumption. 

Resul ts  f rom t h i s  s tudy i n d i c a t e  t h a t  HRP i s  ab le  t o  ca ta l yze  l i t t l e  o r  no 
r e a c t i o n  between c o a l  and HP. Since perox ide reac ts  r e a d i l y  w i t h  coal  and 
s ince HRP i s  an expensive enzyme, i t  would appear t h a t  cont inued use o f  HP i n  
the  presence o f  HRP would be o f  l i t t l e  value. 
p o s s i b i l i t y  t h a t  o t h e r  more powerful peroxidases (e.g., l i g n i n  peroxidases) 
might be ab le  t o  c a t a l y z e  the  o x i d a t i v e  depolymer izat ion o f  coa l .  
i n v o l v i n g  t h e  a b i l i t y  o f  l i g n i n  peroxidases t o  o x i d a t i v e l y  depolymerize coal 
w i l l  be the  sub jec t  o f  a subsequent manuscript.  

Coals were n o t  analyzed 

Another 

S o l u b i l i z e d  Wilcox coal  was analyzed and found t o  con ta in  
A d d i t i o n  o f  0.5mM and 1mM Fe+'+ t o  s o l u b i l i z e d  Wilcox d i d  n o t  

The l a c k  o f  change 

Also, the amount o f  enzyme i n  r e a c t i o n  m ix tu res  con ta in ing  

Since no s i g n i f i c a n t  increases i n  r a t e s  o f  HP consumption were 

Also, i f  t h e r e  were s w h  a small  

Th is  work does n o t  prec lude the 

A study 
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TIME (rnin) 

Figure 1. Disappearance o f  Hydrogen Peroxide i n  the  Presence o f  Texas L i g n i t e  
and Resorcinol a t -pH 8.0. Texas l i g n i t e  
= open c i r c l e s ;  Texas l i g n i t e  wi th  HRP = closed c i r c l e s ;  Resorcinol w i t h  HRP 
=*open t r i a n g l e s ;  Texas l i g n i t e  w i t h  Resorcinol and HRP = closed t r i a n g l e s .  

Reaction mixtures a r e  as described. 
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Figure 2. 
taken from Figure 2. 
respectively for Texas lignite reacting with HP in the absence o f  HRP (open 
circles) and resorcinol reacting with HP in the presence o f  HRP (closed 
circles. 

Plot of Inverse Hydrogen Peroxide Concentration vs. Time. Data 
Correlation coefficients are 0.998 and 0.999 
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Coal 

Wilcox l i g n i t e  

Beulah Zap 

Texas 1 i g n i t e  

Wyodak 

Sol ubl e W i  1 cox 

-HRP 
tHRP 

tHRP 

tHRP 

tHRP 

tHRP 

-HRP 

-HRP 

-HRP 

-HRP 

5.0 

0.078 
0.053 

N.M. 
N.M. 

0.017 
0.015 

0.073 
0.045 

0.037 
0.031 

DH 

6.5 

0.146 
0.112 

0.029 
0.025 

0.119 
0.080 

0.058 
0.039 

0.044 
0.043 

8.0 

0.269 
0.319 

0.064 
0.051 

0.097 
0.084 

0.109 
0.099 

0.029 
0.036 

Table 1. Rate Constants f o r  t h e  Reaction o f  Various Coals and Hydrogen 
Peroxide i n  t h e  Presence and Absence o f  Horseradish Peroxidase. -HRP 
ind i ca tes  the  absence o f  horseradish peroxidase; N M. i nd i ca tes  no t  
measured. Values are given as (mmoles/l i t e r / m i n ) - l .  
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